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The aetiologic agent of Mediterranean spotted
fever (MSF), Rickettsia conorii, is an obligate
intracellular bacterium transmitted by the dog
tick, Rhipicephalus sanguineus, to humans. Because
of the fastidious nature of R. conorii, ampliﬁcation
and sequencing of partial gltA and ompA genes
were frequently used for detection of this bacte-
rium in ticks and molecular diagnosis of R. conorii
infection in humans [1]. However, gltA and ompA
sequences are too conserved to explore the intra-
species diversity of R. conorii. Multispacer typing
(MST) incorporating three spacer sequences,
dksA-xerC, mppA-purC and rpmE-tRNAfMet,
proved to be a reproducible and high-resolution
genotyping method allowing not only clear iden-
tiﬁcation of rickettsial strains at the species level
but also strain-typing within some species includ-
ing R. conorii [2,3]. In this study, we used MST to
directly subtype R. conorii strains detected in skin
biopsies from Algerian patients with MSF.
Skin biopsies with tick bite were removed from
Algerian patients with clinical diagnosis of MSF
in Oran, Algeria, during January 2004 to Decem-
ber 2005. Total genomic DNAs were extracted
from the skin biopsies using the QIAamp Tissue
kit (QIAGEN, Hilden, Germany) as described by
the manufacturer.
Ampliﬁcation of partial gltA and rompA genes
was performed to detect R. conorii in the skin
biopsies using the primer pairs 409 and 1258 and
the primer pairs 190–70 and 190–701, respectively,
as described [1]. Ampliﬁcation and sequencing of
the three spacers, dksA-xerC, mppA-purC and
rpmE-tRNAfMet, were performed as described [2].
To avoid contamination, no positive control was
used. Sterile water was used as a negative control
in each PCR assay. Amplicons were sequenced in
both directions using the BigDye 1.1 chemistry
(Applied Biosystems) on an ABI 3130XL auto-
mated sequencer (Applied Biosystems) as de-
scribed by the manufacturer.
Nucleotide sequences were edited using the
Autoassembler package (PerkinElmer). For each
intergenic spacer, a genotype was deﬁned as a
sequence exhibiting unique polymorphism that
was deﬁned by sequencing the corresponding
spacers using forward and reverse primers,
respectively. MST genotypes were deﬁned as
unique combinations of the three spacer geno-
types. The sequences of three studied spacers
were concatenated for phylogenetic analysis. We
incorporated 27 MST genotypes previously iden-
tiﬁed among 39 R. conorii strains [2] and those
identiﬁed in this study for phylogenetic analysis.
Multiple alignment of sequences was carried out
using the CLUSTALW software (Courtaboeuf,
France). Phylogenetic relationships were obtained
using the neighbour-joining and maximum par-
simony methods within the MEGA 2.1 software
(Courtaboeuf, France) [2].
R. conorii was detected in 22 skin biopsies from
22 patients with MSF using PCR assays targeting
the partial gltA and ompA genes. For spacers
mppA-purC and rpmE-tRNAfMet, the 22 R. conorii
human strains hold identical sequences and
genotypes, types B and B, respectively, which
have been previously identiﬁed [2]. Seven geno-
types of spacer dksA-xerC were identiﬁed among
22 studied strains. Five of them, genotypes AS,
AT, AU, AV and AW, were new and the
sequences of them were submitted to GenBank
with accession number: EU665226–EU665230. In
total, seven MST genotypes based on the combi-
nation of genotypes of three spacers were iden-
tiﬁed among the 22 R. conorii human strains
(Fig. 1). Of these, genotype 3 including 15
strains (68%) was previously identiﬁed. The
Corresponding author and reprint requests: D. Raoult, CNRS-
IRD UMR 6236, Faculte´ de Me´decine, Universite´ de la
Me´diterrane´e, 27 Boulevard Jean Moulin, 13385 Marseille
cedex 05, France
E-mail: didier.raoult@univmed.fr
No conﬂicts of interest declared.
 2009 The Authors
Journal Compilation  2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15 (Suppl. 2), 281–283
phylogenetic organisation of 33 MST genotypes
including 27 previously identiﬁed and 6 newly
identiﬁed in this study are shown in Fig. 1. All the
R. conorii strains from Africa including Algeria
were tightly grouped into one subcluster with the
exception of one strain isolated from a tick in
Zimbabwe and a strain isolated from an Algerian
patient (Fig. 1).
In the previous study, MST identiﬁed 27 geno-
types among 39 R. conorii strains isolated from
ticks and humans. Being a PCR-based genotyping
method, MST has the potential to be applied
directly to specimens without the need for isola-
tion and subculture of bacteria. However, con-
sensus primers picked from the ﬂanked genes
may result in non-speciﬁc ampliﬁcation of inter-
genic spacer, especially when MST is applied to
human specimens or tick samples. In this study,
MST proved to be feasible for direct subtyping of
R. conorii strains in specimens and to be an
efﬁcient epidemiological tool.
By identifying 27 and 7 genotypes among 39
isolates in the previous study [2] and among 22
R. conorii strains detected in skin biopsies of
Algerian patients with MSF in this study,
respectively, MST revealed a wide heterogeneity
of R. conorii strains. However, 15 of the 22 R. conorii
strains in this study (68%) sharedMST genotype 3.
This suggested thatR. conorii strainswith genotype
3 were popular and may be endemic in Algeria.
The phylogenetic analysis revealed a signiﬁcant
concordance of MST genotypes with geographic
distribution of R. conorii strains (Fig. 1). In addi-
tion, no difference in spacer sequence was found
between strains with different passage histories in
the previous study [2]. Therefore, MST is reliable
and useful for epidemiological survey of R. conorii
infection.
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* R. conorii strains detected in the skin biopsies of Algerian patients with MSF in this study.
Fig. 1. Dendrogram showing the phylogenetic organisation of the 61 R. conorii strains that were classiﬁed into 33 MST
genotypes based on three intergenic spacers, constructed using the UPGMA method. Sequences from the three spacers
were concatenated. *R. conorii strains detected in the skin biopsies of Algerian patients with MSF in this study.
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